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It was the purpose of this investigation to study 
the through-flow air drying of tufted carpet. Since this 
was an entirely new concept of drying in the tufted carpet 
field, it was necessary to determine the variables which 
affected the drying rates and drying times required for 
various materials. 
The experimental data for the investigation was 
obtained in a special constructed wind-tunnel dryer which 
was equipped with electronic controlling and measuring 
instrumentso The tunnel was capable of drying under pre-
determined temperature (room to 300° F*) and velocity 
(0 to 2000 fpm)0 
The experimental pressure differential and flow rate 
data was grouped into two dimensionless parameters (a Rey-
nolds number and a drag coefficient) which could be fitted 
to a single curve» The drag coefficient was used to ana-
lytically predict the drying rate during the unbound mois-
ture region of drying» This constant drying rate was then 
used in an approximate analytical solution for determining 
the drying time during the falling rate period.. 
Using these equations and the critical moisture con-
tent for the material, the total drying time was predicted*, 
x.ii 
It was found that the drying time decreased with 
increasing air temperature, decreasing humidity ratio and 
increasing flow rate. It was also found that tufted car-
pet exhibited all regions of the rate-of-drying curve. 
The pressure differential across the carpet was found to 
vary linearly with the velocity for velocities in the 
range 250 to 900 fpm, 
In conclusion, it was found that tufted carpet 
could be dried with through-flow drying in less than one-
fifth the time required in present industrial dryers- The 
practical limitation of this type of drying was also brief 
ly discussed. 
INTRODUCTION 
Present industrial carpet dryers are essentially 
classified according to the method used in conveying the 
material through the dryer, such as a tenter or loop* These 
classifications give little indication of the type of air 
flow principle used, which is of prime importance when de-
termining drying rates,, The highest production units today 
seem to utilize an air impingement principle in which air 
is forced through horizontal ducts above and below the car-
pet o The air leaves the ducts at high velocities through 
orifice-like holes and strikes the carpet„ The problem in 
this investigation developed as a result of preliminary dry-
ing test in which air was forced through carpet, allowing 
more air to contact more drying surfaces and5 thus,, in-
creased diffusion rates* 
Problem 
In order to set up drying schedules and to determine 
the size of equipment for drying of tufted carpet, it is 
necessary to know the time which will be required to dry 
various tufted materials from one moisture content to an-
other under specific conditions,, The estimate of the in-
fluence that different drying conditions will have upon the 
2 
time for drying will also he considered for through-flow 
drying. The particular emphasis in this investigation will 
be on drying of tufted wool and nylon carpets„ The knowl-
edge of the mechanism of drying is so incomplete that it is 
necessary, with few exceptions., to rely on at least some 
experimental measurements for these purposes (16)*0 
Purpose 
It is9 therefore? the purpose of this investigation 
to analytically predict the drying rates in the unbound 
moisture region and falling rate period** and to experi-
mentally verify these rates and the total drying time for 
various tufted materials for through-flow drying„ It is 
also proposed to determine dimensionless groups of vari-
ables which affect the drying rates and to experimentally 
obtain curves relating these groupsa By momentum-heat-mass 
transfer analogies these curves will be used to determine 
the convective heat and mass transfer coefficients for 
forced convection air flow through tufted carpetQ These co-
efficients will then be used to predict the drying time 
along with the drying rates in the unbound moisture region 
and falling rate periodo 
*Nximbers in paraentheses refer to the references 
listed in the Bibl.iogra.ph, Appendix G, page 95° 
**See Chapter II, page 5? for definitions0 
Use 
In 1961, 175 million square yards of tufted rugs 
and carpets were produced in the United States, having a 
monetary value of 517° 7 million dollars* In this production 
approximately 300 million pounds, 1^0^000 tonsv or 36 mil-
lion gallons of water had to be removed in various types 
of industrial dryers„ This number does not include the 
over 400^000 additional tons which were removed by vacuum 
extractorss prior to entering the dryer., 
Drying times of from 5 to 4-0 minutes are now re-
quired in present Industrial dryers* The sizes of these 
units range in lengths of from 40 to 150 feet, widths from 
15 to 30 feet and heights from 4 to 12 feet* Hence the 
development and investigation of a method of drying which 
greatly reduces this drying time and the dryer size are of 
great practical importance 0 
BACKGROUND 
Mechanism of Drying 
The term "drying" refers to the removal of moisture 
from a substance<, This may be done by evaporation of the 
moisture either into a gas stream or without a gas to 
carry the moisture away, but the mechanical removal of such 
moisture by extraction or centrifuging is not ordinarily 
considered as drying (16), In this brief discussion the 
moisture will be considered as water and the gas as air, 
although the techniques and relationships explained here 
will be equally applicable to other systems as well. 
When a wet substance is continually exposed to a 
stream of gas having a fixed temperature and humidity, the 
substance will either lose or gain moisture until it reaches 
some equilibrium state <, This equilibrium state is referred 
to as the equilibrium-moisture content* at the prevailing 
conditions and depends on the substance geometry, contact 
surface,, and composition as well as the gas stream proper-
ties and conditions„ 
To assist in the explanation of the regions of dry-
*Mo±sture content is defined as ib0 moisture per 
lbo dry substanceo 
ingtJ a typical equilibrium-moisture curve is shown in Fig-
ure 6, page 49" Considering the curve, if the substance 
were exposed to a steady stream of air having a relative 
humidity of A? it would lose or gain moisture until its 
equilibrium concentration corresponding to point "D" on the 
curve was eventually reachedo Further exposure to the air 
would not affect the moisture content of the substance„ 
From this observations it is seen that the final state of 
dryness which can be reached depends on the prevailing con-
ditions of the air stream and could be reduced only by 
reduction in the air humidity„ The moisture contained in 
the substance up to a concentration corresponding to point 
"Cfl on the curve exerts a vapor pressure below the satura-
tion pressure of water vapor at the same temperature and is 
referred to as "bound moistureu" This moisture is held in 
small capillaries or crevasses inside cell walls of the 
structure in solution throughout the solid 9 and ;>y chemical 
or physical absorption on substance surfaces0 The moisture 
in or on the substance to the right of point "C" is referred 
to as unbound moisture and exerts an equilibrium vapor pres-
sure equal to that of pare water at the prevailing tempera-
ture o The free moistures as shown in Figure 6, is the 
moisture contained by a substance in excess of the equilib-
rium moisture „ Only this moisture can be evaporated and , as 
previously stated, its lower limit depends on the upstream 
air condi ti ons • 
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For explanation of the drying rates associated with 
the regions of drying described above, refer to Figure 7$ 
page 50o Upon exposure to a gas stream, the surface temper-
ature of a substance will begin to adjust to some equilib-
rium temperature corresponding to the wet bulb temperature 
of the air stream, t Q During this adjustment, if the sur-
face temperature is lower than t , the drying rate will 
increase as shown in portion A B on the curve 0 If the 
surface temperature is higher than t_, the drying rate will 
decrease as shown in period A'B. The time required for this 
period of adjustment is usually short and is often neglected 
in calculations of drying time0 
The portion B C on the curve represents the removal 
of the unbound moisture. During this period a balance be-
tween heat transfer and mass transfer from the surface 
occurs and a constant "temperature and humidity ratio at the 
surface re -suits 0 This leads to a constant drying rate dur-
ing this period which depends on the heat and mass transfer 
coefficients and the corresponding gradients associated 
with these; i«e M the rate depends on the rate of diffusion 
of water vapor through the surface air film out into the 
main body of air, or more generally the humidity, tempera-
ture and air velocity0 
Point MG" on the curve in Figure 7 refers to the 
critical moisture content. Below this point, portion C D, 
the surface film of moisture is reduced to the point that 
further drying will cause dry spots to appear? ;Loe0$ the 
vapor pressure is below saturation at the surface,, This 
causes the drying rate to decreasee This is the first part 
of the falling rate period and is referred to as unsatu-
rated surface dryingo Upon reaching point "D," the surface 
is completely dry* In certain drying operations this por-
tion of the curve is completely missing,. 
On continued drying, the portion of the curve D E 
in Figure 7 appears. In this region the rate of drying 
is largely dependent of the rate of diffusion of moisture 
from within the body to the surface; therefore, further 
reduction of the drying rate occurs„ This is the second 
part of the falling-rate period and is the least understood 
and most complex region of drying. According to Sherwood 
(14) in this zone, the curves are apparently always of the 
same shape, concave upwards when rate of drying is plotted 
against water content* Sherwood states that it can be 
shown that the drying in this zone is controlled by the rate 
of internal diffusion8 by noting that variations in humidity 
or air velocity do not affect the rate? Secondly, the rate 
is inversely proportional to the slab thickness; whereas, 
in surface drying or evaporation the rate of drying is in-
dependent of the thickness and varies with humidity and air 
velocityo More recent reports of different materials indi-
cate that the rate in the second zone is inversely propor-
tional to the square of the slab thickness„ According to 
Carrier (3)3 the air temperature and conduction of heat into 
the material affects the rate of diffusion, since the vapor-
pressure of the internal moisture increases with the temper-
ature. 
Review of Related Literature 
The pioneer statements regarding drying were published 
by Lewis (7)- About the same time Carrier (3) presented a 
theory of evaporation from a thermodynamic standpoint and 
also pointed out how chemical and physical behavior of the 
material being dried affects the drying rates„ Several 
papers by Sherwood and his co-workers (13, 14, 15) further 
extended the understanding of the mechanism of drying of 
solids by an explanation of the propagation of moisture 
through a solid during drying. Newman (11) proposed theo-
retical equations for the moisture distribution during dry-
ing o The work of these early investigators, however, was 
not universally applicable to all substances since geome-
tries, capillary forces, and contact surfaces vary with 
each materialo 
Many noteworthy contributions to the air drying of 
particular substance have been reported but due to the com-
plexity and scope of the field only contributions related 
to the drying of textile fibers will be considered here* 
When the temperature or moisture content of air flow-
ing through a mass of textile fibers is changed5 changes in 
v 
the temperature and moisture content are propagated through 
the fiberso Cassie and Baxter (4, 5) have investigated this 
process for sudden changes in air temperature or concentra-
tion and Gassie has developed a theory for the propagation 
The theory predicts that the propagation takes place in two 
fronts, fast and slow9 moving with constant velocities 
through the mass*, The fast front is associated with the 
temperature and the slow front with the moisture content* 
This theory considers that equilibrium is established be-
tween the fibers and air directly after passage of the front« 
McMahon and Lownes (10) took in account the finite rate in 
which equilibrium is establisheda They present an analysis 
of the effect which a finite rate of approach to moisture 
equilibrium between a. fiber and its surrounding has on the 
mode of propagation of changes through the mass of fibers„ 
They show, as did Cassie, that a constant-velocity-wave solu-
tion for the propagation of changes through a mass exists 
during drying,, This solution was developed for a bed of 
wool fibers but is applicable also to thinner layers such as 
those of tu£ted textile carpets„ The solution of the wave 
equation required the experimental determination of a plot 
similar to Figure 6 to determine the propagation of changes„ 
In these approaches experimentally determined rate constants 
were used to calculate the drying rates» 
Bell and Grosberg (1) obtained a solution for the 
first part of the falling rate period of drying of thick 
textile materials which should apply equally well to thin-
ner structures although experimental verification was not 
given in their presentation,, Bell showed that during the 
falling rate period, textile structures consist of a cen-
tral core containing liquid water, the outer surface being 
dry.; McGready and McCabe (9) analyzed the heat and mass 
transfer between the wet core and the air stream0 The tem-
perature of the wet core depended on the relative resist-
ance of the layer of dry material and of the boundary layer 
to diffusion and heat conduction, Bell calculated this 
resistance and determined the core position by the condi-
tion within the coreo Knowing the temperature and position 
of the core boundary, he was able to predict the falling 
rate curvea 
Perry (12) suggested an approximate analytical solu-
tion for the falling-rate period which is applicable to 
essentially any material0 In this approach^ the falling-
rate period is approximated as a straight line between the 
critical moisture content and the equilibrium moisture con-
tents 
Utilizing the most applicable of the above approaches, 
the rates of the complete drying curve can be predicted 
analytically and the drying time could be predicted if the 
critical moisture content was knowno Unfortunately9 none 
of the above-listed references give any insight on the mag-
nitude of the critical moisture content0 The analytical 
11 
solution to this problem is still to be solved before an 




The following are considered as the significant 
variables which affect the pressure drop through tufted 
carpet * 
lo upstream air temperature 
2a air flow rate 
3 u m o i s tur e c out e nt of c ar p e t 
4 0 density of fiber 
5o weight of carpet (lbsQ per sq„ f t 0 ) 
60 weight and weave of backing 
The correlation of these variables will be made with 
a dimensiottless Reynolds number v based on the open area and 
a drag coefficient,, based on the pressure drop across the 
material0 In the derivation the following assumptions will 
t e made1 
lo The carpet will be considered as consisting 
wholly of the tufted fiber0 
2o The resistance to air flow will be considered to 
be most significant through the backing with the 
tufted fiber adding resistance by causing addi-
tional rows of fibers or a closer weave,, 
13 
Jo The air-water vapor mixture will be considered 
as a perfect gas<> 
ô The water contained in the backing will be con-
sidered as being within the yarn and not of 
sufficient magnitude to enlarge the fiber 
diameter* 
5o The viscosity of the air-water vapor mixture 
will be considered as being that of air at 
the same temperature„ 
The derivation of the Reynolds number is as follows? 
Re „ iifeia CD 
A o M 
Where: Q = flow rate of air through the material 
d, = hydraulic diameter 
? - density of air-water vapor mixture m 
A - average open air through tne carpet 
^ = viscosity of air water vapor mixture 
The average open area (A ) will be determined as follows% 
A-. = (a + b + n)d~ (2) 
Where s A~= area occupied by the fibers per square inch 
a - number of tacking rows per inch in direction 
of tuft rows 
b = number of tacking rows per inch in perpen-
dicular direction to tuft rows 
n - number of rows of tufts per inch 
df= yarn diameter,, inches 
The yarn diameter is determined as follows; 
0o0438 
df « — = (3) 
Where s N = the cotton yarn number defined as the yards 
of fiber per pound divided by 840 which is 
the standard for Ko» 1 cotton 
SoGo= specific gravity of fiber 
The cotton yarn number for the backing is determined as 
follows % 
(a + b) 
w 
v b 
Where s W-, = the weight of backing in lbs* per square inch 
The open area iSo 
AQ = A ~ Af (5) 
Where I A = open cross-sectional area9 square inches 
A = unit cross-sectional area of sample 
In this analysis,j the portion of the fibers which crossed 
over other fibers in the woven material is neglected due 
to the porosity of the material„ The tufted fiber is con-
sidered as having the same diameter as the backing material 
in the calculationv since the unexposed area which they 
blocked is equivalent to that of a single row of hacking 
fiber per row of tufts0 
The hydraulic diameter is defined as the cross-
sectional through-flow area divided by the wetted perimeter0 
In this investigation the following approach correlated well 
with the data,, although the approach was not put to a severe 
test with the range of carpet samples tested0 
A Aso 




Where% A = cross-sectional area of single opening so 
P = wetted perimeter of opening 
W 




Where s W = width of opening 
or cL = S ^ (6) 
n 4 
The number of openings is calculated as follows 
NQ = a(b - n) (7) 
Where % .N ~ the number of openings 
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Since A ^ = — — 
8 0 N o 
VA7 
Wa(b-n) 
dh = -^-2 (8) 
The density of the air-water vapor mixture is determined as 
follows u, 
9 ( 1 ^ ) P a 
m 
R a T l 
Where o P = partial pressure of dry air "based on upstream a 
conditions 
U = humidity ratio (lhs0 water vapor per lb0 dry 
air) 
R =• gas constant for air 
a ° 
T, = upstream air temperature 
For an air-water vapor mixture, the humidity ratio is given 
by. 
P 




P + 0o622 P 
Q = - £ _ _ Z (9) 
R T, a 1 
1? 
Where? P - partial pressure of the water vapor in the 
mixture 
Substituting equations (8) and (9) into equation (1) 
Q(P +0.622 P ) 
Re = -S v (10) 
4/iRa T± VvTCb-n) 
The derivation of the drag coefficient is as followsi 
A P 
0f = j r — (11) 
^m ' °c 
Where: C~ = the coefficient of friction or drag coeffi-
cient of the material 
AP = the pressure drop through the material 
V = volume flow rate divided by the open area 
g a 32 o 174- lbo mass foot/lb «, f orce * sec0 
Rewriting 
2g A P A2 
f * m 3
2 
Substituting equation (9) into equation (12) 
2g AP k2 R T 0 . c _ o a 1 ( 1 5 ) 
Q^(Pa+0o622 F ) 
Initial Adjustment 
Due to the complexity of this period of drying, it 
will not be considered in this analysis„ The variation in 
open area and? thereforev the velocity of air flowing 
through the material added to the difficulty0 In drying 
of carpet from an initial moisture content of 200 per cent 
or less9 the time in this period is usually negligible in 
comparison with the other periods of drying«, 
Constant Rate Period 
Since the mechanism of mass5 heat, and momentum 
transfer are closely related, the data taken for one trans-
fer operation is useful in predicting the rate of transfer 
in other operations„ The interrelation of heat and momentum 
transfer, usually referred to as the Reynolds analogy, re-
sults in the following relation for fluids having a Prandtl 
number equal to onee 
h„ °f / A^ 
(14) 
cp *m V 2 \ As 
Wherei h • average convective heat transfer coefficient 
c 
c = specific heat of air 
Ao = interfacial surface area s 
Modifying equation (14) to comply with experimental results 
for Prandtl numbers different from one, According to Kreith 
19 
c < v 
p m 
I2L. 1 P ~2/3 
' r 
A / x s ' 
(15) 
Where: Pr = Prandtl number 
Following Kreith (6) using a similar approach for mass 
transfer with the following assumptions^ 
1„ Water vapor is considered as the only diffus-
ing medium. 
2, Mass transfer rates are considered as low 
enough so that the velocity normal to the 
surface is small when compared to the free 
stream velocity, 
3<. The mass fraction of water is small when 






2/3 / h W P 
I C f 1 
2/3 
cp / \ SC 
(16) 
Where; h-, = convective mass transfer coefficient* 
The mass transfer coefficient is defined by the 
equation 
dm 
' • • ! " 
dt 
= ** Qju-u) 
m w 
Where: m - mass o± water removed w 
U = humidity i'atio or mass fraction of the air-
water vapor mixture at the drying surface 
U =•• humidity ratio of air stream flowing past the 
drying surface» 
20 
k = thermal conductivity of air 
D. r = mass diffusivity 
Sc = Schmidt number 
Substituting equation (15) into equation (16) 
•2/3 
(17) 
The moisture content of carpet is defined as follows 
M = - ^ - (18) 
m 
Wheres M = moisture content 
m = weight of water w D 
m - total weight of dry sample 
Following an approach similar to Trebal (16), the maximum 
rate a% which moisture can be removed from a substance 
occurs when the air leaves the substance saturated at the 
adiabatic saturation temperature, with a humidity ratio {J{ 
dm 
*JL0(Ua-U{) (19 
a t faax, 
Where s t = time 
kA = humidity ratio of upstream air 
The gas will usually leave the substance at some humidity 
ratio LJ p less than Ua° 
dm 
-f- = ?A(w2^i) (
20) 
at 
Considering a differential section, the air-humidity ratio 
will increase as it proceeds through the carpet and the air 
will be subjected to a change &{J* The rate of drying will 
be 
dm 
- J - = einvAo du = h, iKBcuv-u) (2D 
dt 
Dividing dA by the unit length in the direction of flow h 
S 
and multiplying by the differential length dx<> equation (21) 
becomes 
emVAo au - nd——(Uw-U)to (22) 
h 
Rearranging and i n t e g r a t i n g through the mate r ia l assuming 
h constant o 
U2 r
h 
a (J f bdAs 
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w ^ m o 
22 
U*-Ul m e
h d V ? a V A o 
uw-u2 
(23) 
Rearranging equation (23) 
u 2 - ^ i - "•V<*'i> 
-h, A /P H 




• WKr^ i> f1 
-h,A /p VA d s' v m ( (24) 
Since during the unbound moisture region, a substance exerts 
a vapor pressure equal to that of pure water at the same 
temperatures the humidity ratio at the wall of the sub-
stance will correspond to U ; therefore9 
dm 
•2L = 9 VA (u -(Jo) 
dt m'"o
su/s ^ 2 
l-e d s 
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(27) 
Equation (27) represents the equation for the rate of dry-
ing in the unbound moisture region„ As noted from the 
equation, the drying rate depends almost entirely on the 
coefficient of drag through the material «, 
A comparison of experimental drying rates and those 
calculated from equation (27) is presented in Table 16, 
page 89o 
Falling Rate Period 
Due to several controlling mechanisms during the 
falling rate period, a rigorous analytical solution "becomes 
very involved*, The following approximate method as suggest-
ed by Perry (12) gives a fairly accurate expression for dry-
ing time during this region of drying0 
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The rate of drying can be expressed as 
dJ1 
— = -Of(M~Mp) (28) 
dt e 
Wheres CX = slope of straight line approximating falling 
rate* 
Since 
M - equilibrium moisture content 
I dM 
= - a (nr.-M^) 
^ dt; c 
max 
•-(dM/dt) 
(X . _ _ _ ^ a x . (29) 
(M c^ e) 
Where % Mi - critical moisture content 
The negative sign occurs in equations (28) and (29) 
since the rate of moisture removal is decreasing, 
Substituting equation (29) into equation (28) 
dK / dM \ M--M 
(30) 
dt V dt Lav K -ML 
max c e 
letting S = — — ~ 
M -M c e 
ds 1 dM 
dt M -M dt c e 
ds / dM \ dt 
(3D 
dt / (M -M ) 'max ^ c ey 
Integrating 
dM 
-In s = 
dt (H -M ) max ^ c eJ 
;-t 
(32) 




M - —*• 
ID 
and m 
we M. = e in + m 1 4- -A-
w e m „ ^ 
we 
Where: m = moisture contained in the material when in we 
equilibrium with the surrounding air, 
m <T< m 
we 
Therefore, M Z 0 
e 
M 
and s ZZ — 
Kc 
Substituting into equation (32) 
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M \ M 
• I i a —— T ~ ^ — : ( 3 5 > 
M (dM/dt) 
/ v ' 'max 
Since it would take an infinite amount of time to completely 
dry a substance, the samples were considered as being dry 
when n - 0,0.5̂  ; therefore, 
n M 
t - t. * (In 20) - c - 2.9957 •—- (34) 
A comparison of drying times determined from equation (34-) 
and experimental determined values is presented in Table 16» 
The agreement was good„ 
Equations (27) and (34-) can be used to analytically 
determine the total drying time if the critical moisture 
content is known,, Since the critical moisture content 
varies with the rate of drying and thickness of material9 
it is very difficult to determine by an analytical approach, 
This is discussed in more detail in Chapter VI, page 32. 
CHAPTER IV 
INSTRUMENTATION AND EQUIPMENT 
A wind-tunnel dryer was used in this investigation 
and is illustrated by a diagrammatic sketch in Figure 19 
and by a photograph in Figure 2» The dryer was designed 
and assembled in the Mechanical Engineering Research Labo-
ratory^ It is capable of drying under predetermined condi-
tions of temperature (room to 300° F0) and air velocity 
(zero to 2000 feet per minute), 
The air was supplied by a New York Blower N0o 152 
backward curved blade .fan* The flow was regulated by an 
opposed blade outlet damper, A flexible rubber section be-
tween the outlet damper and the transition section to the 
fin tube sections was used to damp out the vibrations asso-
ciated with the blowero The air was heated by three 
No <, 3024 Steelfin tube sections using steam at a maximum 
pressure of 130 psigc as the heating medium• The dry bulb 
temperature upstream of the sample, as shown in Figure 5? 
page 4-7 v was controlled by a Minneapolis-Honeywell Three-
Mode Electr-O-Line control unit and Electronik recorder 
operating with a Model 1)6-800 Minneapolis-Honeywell motor-
ized valve in the steam supply line leading to the Steelfin 
tube sectionSo The valve was driven by a M903B Actionator 
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motoro The steam pressure was indicated by a pressure gage« 
The temperature pickup for the Electronik recorder was made 
by three iron-constantan thermocouples located in the tunnel 
eight diameters from the entrance„ The air temperature down-
stream to the sample was measured and recorded by a Minne-
apolis-Honeywell Electronik recorder also utilizing three 
iron-constantan thermocouples for the pickup„ 
The average velocity in the tunnel was determined by 
a pitot tube located seven and one-half diameters from the 
tube entranceo The tube was positioned in the duct to give 
the average velocity pressure. This was calibrated with six 
velocity traverses at various flow rateso The calibration 
was made in accordance with the Air Moving and Conditioning 
Association Test Code. Bulletin 210, A six-inch Trimount 
micro-manometer was used to measure the velocity pressure 
in the pitot tube and the pressure drop across the test sam-
ple. Manifolds with four pressure pickups around the tunnel 
were used in measuring the carpet pressure drop to insure 
that the average pressures were measured« 
The weighing section is illustrated diagrammatically 
in Figure 3 and by a photograph in Figure 4Q The weight 
change of the sample while drying was determined by the 
change in deflection of four one-sixteenth by one inch hot 
rolled steel bars acting as cantilevered beams9 to which a 
weighing frame was attached«, The deflection was measured by 
Baldwin-Lima-Hamilton SE-4 strain gages assembled on each 
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side of the bars<, The duct section to which the bars were 
attached was insulated with two inches of Fiberglas insula-
tion and cooling air taps were installed to keep the strain 
gage temperature as low as possible0 The entire section was 
totally enclosed to prevent air leakage from the tunnel 
which would effect the flow readings„ A removable cover 
above the weighing frame allowed removal of the sample after 
each run. Handhole plates were also installed above the 
bars and strain gages * The weighing section was calibrated 
by using known weights, The change of weight was measured 
and recorded on a Sanborn 150 strain recorder. A full 
bridge was connected to the recorder to compensate for tem-
perature changes in the weighing section and to increase the 
sensitivity of the unit- The weighing section has a capaci-
ty of JO pounds? a weight variation at maximum sensitivity 
of 2 pounds and a sensitivity of OoOOl poundsa The weight 
of the sample and check on weight change after each run was 
determined on a nonspring Toledo balance scale. 
The differentation of the drying curve was performed 
with a Gerber Derivimeters Model D-2 slope reader and 
checked numerically9 
EXPERIMENTAL PROCEDURE 
Preparation of Sample 
The sample was thoroughly wetted in a reservoir of 
cold water„ and then was allowed to drain for one minute0 
The sample then was folded and squeezed in a press until 
the moisture content had been reduced to approximately 
150 per cent by weight,, This procedure was eliminated in 
a few samples to check the initial adjustment period9 when 
drying from high initial moisture contents„ The sample 
was weighed when dry.̂  when wet, and after squeezing-
Following the final weighing, the material was stretched 
and fitted between two steel circular rings which were 
specifically designed to fit into the weighing frame0 
Preparation of Apparatus 
. t t e - x i K S u u ^ ^ a j T - . i i B M i i M M i r r i i i U M ^ f c J I i i MI a » ^ t 
The Sanborn strain recorder and the Honeywell Elec-
tronic controllers and recorders were started and allowed 
to run 30 minutes prior to the .first tests With a dry 
dummy sample to simulate operating conditions, the dryer 
was started and brought up to operating temperature and 
allowed to run for three minutes0 During this period the 
blower damper was adjusted to the prescribed flow rate for 
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the particular runs the cooling air on the weighing section 
was adjusted for the temperature of the run and the duct air 
temperature was allowed to stabilize0 The flow setting was 
made by adjusting the damper until the flow corresponding to 
the related pressure in the pitot tube was reached0 This 
pressure was measured by the micro-manometer„ The air tem-
perature for the run was set on the Honeywell Electronic. 
controllero The dryer was then stopped,, 
Te st Fro ĉ edure 
The dummy test sample was removed from the weighing 
frame and the prepared sample was inserted into its posi-
tion » The cover above the weighing frame was bolted Into 
position and simultaneously the blower,, Sanborn strip 
chart and Honeywell recorder strip chart were started„ The 
dryer and recorder charts were allowed to run until no 
farther noticeable change could be observed on the chart of 
the Sanborn recorder. The dryed sample was then quickly 
removed from the weighing frame and weighed to the nearest 
0-01 povisdo This weight was compared with the weight of 
the squeezed sample minus the weight change as indicated by 
the recordero 
It was necessary to leave the dryer in operation dur-
ing the change of samples during the high temperature runs, 
since the transit time required for the temperature to 
stabilize approached the drying time* 
DISCUSSION OF RESULTS 
All samples were dried under constant drying condi-
tions; that is> they were exposed to air at constant temper-
atures humidityv and velocityo At high temperatures and 
velocities these conditions became more difficult to obtain,, 
since the transit time required to reach, constant drying 
conditions approached the drying time* The use of a dummy 
sample as explained in Chapter V minimized this problem^ 
but it was impossible to obtain reliable data at tempera-
tures above 260° F„ 
All samples were found to exhibit all four regions 
of the rate-of~drying curve„ The critical moisture content 
of tufted wool carpet compared favorably with that listed 
by Bell and Grosberg (l) for 1/8 inch thick layers of 
knitted wooL The critical moisture content of nylons was 
found to be lower than that of wools„ This was expected 
since the equilibrium moisture content given in Table 1 
was much lower. A low surface temperature during drying In 
the unbound moisture region and then a sudden rise in tem-
perature at; the critical moisture content was observed in 
Figures 21 and 22 and was most noticeable in Figure 23 where 
a thermocouple was actually buried in the fibers0 This was 
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also expected since the surface temperature during drying 
in the unbound region was approximately that of the wet bulb 
temperature P 
The effect of variations in temperature, humidity9 
velocityv moisture content and results of analytical pre-
dictions will be discussed separately since each was an 
important portion of the investigation >, 
Effect of Air Humidity 
Since the drying rate varies directly with the dif-
ference in humidity ratio between the drying substance and 
the air stream, increases in air humidity lowers the rates 
of dryingo This could be observed most noticeably at lower 
temperatures,, Figures 9 and 139 since the difference in 
humidity ratio was small* At higher temperatures the humid-
ity ratio difference was so large that any small change in 
the inlet air humidity did not affect the rate-of-drying 
observably, 
Effect of Air Velocity through the Sample 
Neglecting conduction and radiation., the drying rate 
was increased directly by increases in velocity and expo-
nentially by increases in the mass transfer coefficient0 
The flow in the wind tunnel was found to be turbulent 
for data between 250 and 900 fprnu, but the flow through the 
carpet was found to vary linearly with the pressure drop 
through the sample0 
yi 
Although higher velocities create higher drying rates9 
there is a practical limit on the amount of air which can be 
forced through standard widths of carpet u Since the pres-
sure drop varies linearly with the velocity9 the difficulty 
of holding and supporting the material increases« For low 
velocities (up to 500 fpm) a standard tenter frame is suffi-
cient to support the material0 Slightly higher velocities 
can "be reached using rollers below the tenter rail„ For 
velocities above 800 fpm a perforated supporting chain belt 
must be usedo In any event, a tenter frame is advantageous. 
since it stretches the shrunken carpet when it is wet, al-
lowing hi.gher velocities through the material. The allowable 
velocitiesj of course, depend on the weight of material be™ 
2 
i.ng dried* The above limits were based on 32 oz0/yd0 
mater i .al. 
Effect of Air Temperature 
Higher temperatures causing correspondingly higher 
humidity ratio differences had the effect of increasing the 
drying rate0 
Effect of Moisture Content of garget 
The amount of open-flow area was found to increase 
with decreasing moisture content«, The cause of the smaller 
open area at high moisture contents was due in part to the 
presence of liquid water between the fibers and to the 
shrinkage of the wet material„ This transit condition 
caused a variation in the velocity flowing through the sam-
ple „ This variation was most noticeable at high moisture 
contents which would be encountered in the initial adjust-
ment period. During this adjustment, the liquid appeared 
to be forced from between the fibers by a mechanical process 
rather than being removed by diffusion** This phenomena can 
be noticed in Figures 18 and 20. After the moisture content 
has been reduced until drying was occurring in the unbound 
region, the variation in open-flow area was found to be 
slight^ as indicated by constant drying rateD All analyti-
cal calculations were based on the open area in a dry sample. 
The final drying rate or removal of internal moisture 
was found to be higher with synthetic fibers than with wools. 
This was due to the nonabsorbing nature of the fibers,. Wool >, 
cottons, and other hygroscopic materials tend to absorb and 
retain a definite percentage of moisture under definite con-
ditions of air humiditye The synthetics are nonhygroscopic 
in nature; although., they do display a hygroscopic tendency 
but to a much lesser degree than wools or cottons„ Thl s can 
be observed in Table 1» For detailed information on the 
equilibrium moisture content, refer to Perry (12)„ 
Critical Moisture Content 
The analytically determination of the critical mois-
ture content is still to be solved<, None of the data in 
this investigation gave any indication to the method of 
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solution of this problem. According to Perry (12), the 
critical moisture content increases with an increase in the 
rate of drying and with an increase in the thickness of the 
layer being dried. According to Bell and Grosberg (l)5 
the critical moisture contents are dependent on the amount 
of absorbed moisture^ .and to a much smaller extent, on the 
speed of drying and the structure of the material. Bell 
stated that they appear to be independent of the thickness 
of the material., In general, it can be said that the criti-
cal moisture content of an hygroscopic material is greater 
than a similar nonhygroscopic material of similar construc-
tion by the saturation amount of absorbed watero As can be 
seen,j there is some disagreement on the variables which 
affect the critical moisture content• The analytical solu-
tion to this problem would allow the complete analytical 
determination of the drying time and9 therefore, would be a 
great contribution to the field. 
Carrelation of Data by Dimensionless Numbers 
The combined variables which were considered to 
affect the pressure drop of the air flowing through the 
carpet was correlated as explained in Chapter III, page 17° 
The correlation is shown in Table 15 and on Figure 8„ It 
was found that data taken for all carpets tested correlated 
well using the parameters which were deriveds although the 
parameters were not severely tested by the range of carpet 
samples tested„ 
Results of Analytical Predictions of the Drying Rates 
in Unbound Moisture Region 
The analytical prediction of drying rates during the 
unbound moisture region was found to agree with experimental 
data to within 25 per cent. The accuracy was found to 
depend entirely on the dimensionless drag coefficient for 
high temperature runs and on the measurement of the dry and 
wet bulb temperature for low temperature runs, A comparison 
of analytical and experimental drying rates is presented in 
Table 16« 
Results of Analytical Prediction of Drying Time 
During Falling Rate Period 
The analytical prediction of the drying time during 
the failing rate period was found to agree with experimental 
data to within 35 per cento The accuracy depended on the 
value of critical moisture content and constant drying rate, 
The sample was assumed dry when the moisture content had 
been reduced to 5 per cent of the critical moisture contentu 
For hygroscopic fibers, this value was probably low* Since 
the equilibrium moisture content depends on the air humidity 
and to a lesser degree on the temperature*, the equilibrium 
moisture content was not determined for each run„ 
CONCLUSIONS 
The time required to dry tufted carpet with through-
flow drying is more than five times faster than any present 
method being used today„ Drying rates and total drying 
time using the experimentally determined equilibrium mois-
ture contents and drag coefficients can be predicted within 
30 per cent, 
The pressure differential across tufted carpet at a 
given temperature varies linearly with the flow rate through 
the material for velocities between 2.50 and 900 feet per 
minute, The open through-flow area increases with decreas-
ing moisture contents The increase occurs most noticeably 
when the initial moisture content is above 200 per cent 
with little change occurring after reaching the unbound 
moisture region of drying0 
CHAPTER VIII 
.RECOMMENDATIONS 
Further Analysis of the Data 
Efforts should be made to extend the analytical 
approach "by Bell and Grosberg (l) to better fit small 
cylinders of fiber such as found in tufted carpet. An in-
vestigation of the critical moisture content and influenc-
ing variables would also be of great value0 Along with 
such an analysis and the drying rates determined in this 
investigation^, total drying time could be predicted analyt-
ically and compared with the drying time determined experi-
mentally in this investigation* 
Putur e Inve s t; iga11on 
It is felt the following studies would merit consid-
erations 
lo It would be of interest to determine the effe ;-t 
of the relative humidity of the air at temperatures above 
250° Fu on the drying rates0 This would be of great commer-
cial importance since it would give a direct indication of 
the amount of air which could be economically recircuialei 
in industrial dryers0 This investigation could be performed 
with the present wind tunnel dryer by injecting a water 
spray upstream to the finned tube section9 Figure 1,, arid 
using a nigh temperature-humidity recorder controller up-
40 
stream of the weighing section,, 
20 The analytical prediction of the pressure drop 
through tufted carpet would also be of interest0 The result 
of such an analytical study could be compared with the exper-
imental results plotted in Figure 8* Such a profitable 
study would add greatly to the eventual complete analytical 
prediction of drying ratesa A related study was made by 
P0 Co Carman (2) for the flow through granular be&So Lord 
(8) also investigated a similar problem for flow through 
woven fiberso 
3o A study of the practicality of drying inlet air 
and its use in unheated air dryers would be of interes*„ 
This could be investigated by using an absorbing device 
through which the inlet air to the dryer could be direct-ea„ 
A silica jel absorber could be adapted to the present wind-
tunnel dryer for this study, From an economical standpoint, 
this type of industrial drying merits consideration^ 
4Q During the constant rate period (unbound moisture 
removal),, if the heat necessary for vaporization is supplied 
only by conduction or convection through the same surface 
gas film through which the vapor diffuses, the surface tem-
perature of the drying substance is the wet bulb temperature 
of the air (13)° It would be Interesting to see how the 
drying rate during this, period could be increased when 
additional heat is supplied by radiation0 The.increased 
heat transfer should cause the surface temperature to be 
higher than the wet-bulb temperature and, thereforev increase 
the rate of drying. See 111, 4, page 5̂-4- (16). This forms 
a new expression for the temperature, humidity curve which 
has a steeper slope than the wet bulb curve« 
5» Another interesting investigation would be the 
study of the effect of sound on the drying rate.. It has 
been shown that sound has a definite effect on heat trans-
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Table ± c Carpet Sale 
Sample 1 2 3 4 







Gold Brown Mixed 
Spo Gravity 1.32 loi4 i c14 1*32 
Yarn Number* 2,4/3 one 
one 
1 5* 1/3 with 
* 5*1/1 
5 c 1/3 2 c 4/3 
Backing Jute Jute Jute Jute 
Wt c Backing, oz.. /yd 2 
. o 
9 9 9 10 
Total Wtc oz, = /yd 2 
o 
34 25 31 42 
Yarn Dia0** 0.0247 0=0183 0c0183 0*0247 
Equilibrium Mois ture Content*** 
70°Fo, 93% r, 5ho 21 =9 e 77Fc 
9 0 % r=ho 
8 G 21.9 fe 77Fo 
90% r«ho 
70°1\, 65% r. sh„ 16 4, ,2 to 4.5 4 02 to 4 0 : 16 
Hgtc of Tuft 0.o 5 0o^5 0,45 0*40 
*Cotton yarn number is measured in terms of length of yarn per unit 
weighty NOc 1 cotton has 840 yards per poundc No« 10 has 8 ?400 
yards per poundc The count is inversely proportional to the size 
of the yarn0 
**Yarn Diameter Conversion Table, Textile World, July, 1960^ pc 60, 
**•Taken from Textile World, July, 1962s p c 158c 
APPENDIX D 
TYPICAL COMPUTATIONS 
Experimental Data; Sample No. 1 
2 
Area of Sample = 113 inc 
A P (Sample) - 2.4140 in* Ho0 2 
m = 3 4 - QZ,/Y<±0 
Wb = 9 o z . / y d ,
2 
S.Ge = 1„32 
a = 15 
b = 13 
n - 6o25 
Td = 60°Fo 
T - 57°F. 
Tj = 262°F0 
V" = 694 fpm 
Pressure Drop Calculation 
The yard number of the backing is 
a+b (13+15) (36) (16) 
N = — « — • - 2 , 1 1 
Vfe 9(840) 
The r e s p e c t i v e f i b e r diameter i s 
0.0438 
[2 ,11 (1*32) ] 
d.f, a -—- ————_j
 a 0*0263 i n , 
1 O i -i / I 7 T l \ -*-/ <=-
From equation (2) 
Af = (a+b+n)d f - (13+15+6.25)(0 .0263) * 0 .904 i i u
2 / i n . 2 
The open area i s 
Ao - A-Af « 1.00-0.904=* 0.096 i n - .
2 / i n . 2 = 0 .0755 f t„ 2 / sample 
7,1 
The number of openings is 
N Q = a(b-n) - 15(13-6,25).(113) - 11,4-20 openings/sample 
The hydraulic diameter is 
1 HC 1 fb.0755 
d, = / — 2 - = — — = 0,000642 f to 
4 •>/ N o 4 V 11,420 
From Handbook of Air Conditioning Heating and Ventilating 
for T d a 60°Fo and T w • 57°P°* the relative humidity is 
83o6 per cento The saturated water vapor pressure at 60°F„ 
is Oo2563 psia; therefore, 
P - 0o836 (0.2563) • 0.214-0 psia 
It follows that 
P a = 14,710 - 0o2140 = 14-.496 psia 
The density of the air-water vapor mixture is 
P +0o622P [l4o496+0o622(0„214)l (144) 
Q m _S—_ I a i~ _ i _ — _ = o. 0549 lb o ft t. -
? 
H 0?1 53 o 35 (722) 
From Table A - 3, Kreith (6) 
/X= lo545 x 10"-7 lbm/fto - seco 
From equation (1), the Reynolds number is 
Qd* 9™ 54-5(0.000642)(0.0549) 
Re = — - — - = -F = 274 kns 
AQ(1 0.0755(1*545x10
 p)(60) 
From equation (12), the drag coefficient is 
2 S c A
P A o (2)(32.2)(2.414)(5>204)(0.0755)2(3600) 
C-r a —r*—5— - 5 
*JC 0,0549(545T 
= 0,916 Ans 
Constant Rate Period Calculation 
From Psychrometric Chart U•, =64,5 grains/lbm air 
U =328o0 grains/lhm air s 
The maximum rate of water removal is 
dm \ /328*0-64.s\ 
— * = 9AU^i) = 0.0549(545)— 
d t /ma* \ ^ 0 0° / 
Ibm HpO 
= 1.13 — 
min 
and 
dM) 1-13 lbm HpO 
— - 3o43 dt / ^v 0.33 Ibm room dry sample, min max 
From equation (27), the rate of water removal is 
dM /dM\ 
dt 1 dt/ QV 
1 'max 
- ° f 
l-e 
Kr!m|2/3-
C„ / D.r o \
 / 5 0.916 
_f (_AL_LB) = (1.54)
2/:5 = 0.612 
2 \ M 
dM lbm H20 
• = $o43(l-e0*612 = 1«750 
dt ' / lbm room dry sample, min 
Falling Rate Period Calculation 
Mc = 55% 
The drying time from equation (34-) is 
From Table 3,  53% 
o 
M 
t ~ t = 2 .9957 = 2.9957 
( d M / d t ) m a x 
Oo55 
( 1 . 7 5 ) 
- Oo94-3 mino 
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TABULATED TEST DATA 
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Table 2e Data for Drying of Sample Wo. 1 
Air Data^ Tunnel Temperature, dry - 72°Fo 
Room Temperature, dry - 74-°F0 
Room Temperature, wet - 56°F. 
Velocity9 dry sample - 815 fpm 
Sample Datas Sample KOo 1 - See Table 1 
Pressure drop through sample,, dry-2.2828 ±ntiHpO 
Pressure drop through sample,, wet-202285 in„H«0 
Time Moisture Content* Drying Rate 
(min.) (lbs. moisture/lb0 (lbs* moisture/lb0 
dry sample) dry sample,mino) 
0 1*79 Oo 254 
0.5 1„64 0 0 254 
1.0 Io50 0o256 
1-5 lu57 0o250 
2o0 1025 Oo250 
2o5 1.14 Oo250 
5o0 1,00 0,250 
3o? 0o88 0 0 260 
4.0 0.76 0o250 
4o5 0o61 G.?50 
5o0 0„52 0o200 
5*5 0o42 O0I6? 
6.0 0o5^ 0ol48 
6o5 0o26 0,125 
?o0 0o22 0 0 084 
7.5 0.18 O.O7I 
8.0 0.15 O0O6I 
8,5 0o12 0,058 
9.0 0,09 0.053 
9,5 0„06 0,040 
10 oO 0U04 0.030 
10.5 G0 03 0*028 
lloO 0o0'2 0o021 
11.5 OoOl 0.01 
12.0 0 0 
*Moisture Content is based on the weight of the sample at 
its equilibrium moisture content corresponding to room 
conditions listed abovec 
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Table 3« Data for Drying of Sample No„ 1 
Air Datas Tunnel Temperature - 2620F0 
Room Temperature, dry - 60°Po 
Room Temperature, wet - 57°Fo 
Velocity, dry sample - 694- fpm 
Sample Data: Sample No. 1 - See Table 1 
Pressure drop through dry sample-204140 inoH^Q 
Time Moisture Content Drying Rate 
(seco) % (lbSo water eTp'd/ 
lb. sample9 mine) 
0 270 3c66 
5 240 2o94-
10 217 2031 
15 202 1,83 
20 188 lo56 
25 176 lo56 
30 162 lo56 
35 150 lo56 
4-0 135 lo56 
4-5 124 1.44 
50 113 lo38 
55 102 lo26 
60 91. .5 lo26 
65 81 < 0 lo26 
70 72 . !: lo26 
75 62, 0 1.26 
60 52. ,8 1,26 
85 4-3, ,0 lo26 
90 32. v 1.14 
95 21c 5 0,8^ 
100 16c _ 0.69 
105 10« 8 0o58 
110 5° 4 0o45 
115 ^ ; 0.30 
120 i, 0 0o24 
125 0 0.12 
130 b 0o06 
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Table 4, Data for Drying of Sample No0 2 
Air Data: Tunnel Temperature - 72°F<, 
Room Temperatures dry - 72°F0 
Room Temperature, wet - 62°FC 
Velocity, dry sample - 747 fpm 
Sample Data: Sample No. 2 - See Table 1 
Pressure drop through sample, wet-2,,4425 inoHp0 
Pressure drop through sample, dry~2o3140 inoH-0 
Time Moisture Content Drying Rate 
(min.) (l"bs. moisture/lbo (lbs0 moisture 
room dry sample) evp"d/l"bo room 
dry sample ., 
minute) 
0 295 0.90 
0,33 261 0o90 
0.66 236 0o90 
1.00 206 0o90 
1.53 185 0o7^ 
lo66 155 0.60 
2o00 135 0.53 
2„33 120 0o4Q 
2o66 108 0o4D 
3o00 90 0,40 
3*33 76 0.32 
3o66 65«2 0.23 
4.00 57.6 0.24 
4o33 50.1 0.20 
4.66 4205 0.18 
5-00 37o5 0.1? 
5.33 32.5 0.17 
5<>66 26,0 0.17 
Do 00 20o0 0.16 
6,33 15 oO 0.15 
6066 10,0 0.13 
7.00 7*5 OolO 
7o33 500 0o08 
7o66 2.5 o007 
8„00 0 0.05 
8.33 0 0 
8.66 Q 0 
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Table 5o Data for Drying of Sample No0 3 
Air Datas Tunnel Temperature, dry - 73°F0 
Room Temperature, dry - 730Fo 
Room Temperature, wet - 64°F. 
VelocityCJ dry sample -655 fpm 
Sample Data? Sample Ho, 3 - See Table 1 
Pressure drop through sample, wet-2.445 iiu HpO 
Pressure drop through sample, dry-2.375 in* H^O 
Time Moisture Content Drying Rate 
(mino) (lbs. moisture/lbo (lbSo moisture, 
room dry sample) lb. room dry 
sample , in in,, ) 
0 187 0,18 
0o5 177 0.18 
IcO 168 0ol8 
1.5 159 0.18 
2.0 149 0ol8 
2,5 W O 0.18 
3.0 131 0018 
3o5 121 0ol8 
4,0 112 0.18 
4.5 103 O0.I8 
5o0 93*5 0.18 
5o5 84^2 O0I8 
60O 7408 0.18 
6.5 65<>5 O0I8 
7o0 56o0 0,18 
7.5 46.7 0.18 
8a0 37.4 0.18 
8o5 28,0 O0I8 
9o0 18,7 0.155 
9o5 9.35 O.130 
ICO 4,68 0.08 
10.5 3o74 0.05 
11.0 2.34 0.02 
11.5 1*40 0.01 
12.0 0 0.005 
1205 0 0 
13oO 0 0 
Table 60 Data for Drying of Sample No, 4 
Air Data: Tunnel Temperature, dry - 230 ^ 
Room Temperaturev dry - 72°I?o 
Room Temperature, wet <- 63°3?o 
Velocity, dry sample - 640 fpm 
Sample Datas Sample Mo, 4 - See Table 1 
Pressure drop through sample, dry-204855 in«HpO 
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Table 7° Data for Drying of Sample No0 4 
Air Dat ias Tunnel Temperaturey dry 73" 
3F0 
Room Tempera.ture 8 dry 72' DF0 
Room Tempera.ture, wet 63' 5 L 
Velocitys dry sample 720 fpm 
Sample Data; Sample No a 4 - See Table 1 
Pressure drop through sample. dry -2. 400 in, Hp0 
445 in„ HpO Pressure drop through samj >le, wet -2. 
Di Time Moisture Content iy.ing Rate 
(minQ) (lbs. moisture/lb, Cxi ;0 moisture/ 
room dry sample lb0 room dry 
%) sample, min,) 
0 149 0o21 
1 129 0ol6 
2 116 0.15 
3 103 0.13 
4 89.5 0.125 
5 76.2 0.12 
6 63.0 0.10 
54.5 0.08 
8 49*5 0o06 
9 43.0 0.06 
10 36o5 0o06 
11 33oO 0o06 
12 26,4 0.05 
13 20.0 0.045 
14 16.6 0,040 
15 13<.2 0*035 
16 9o9 0.032 
17 6.64 0.030 
18 3o32 0.025 
19 2o00 0.020 
20 0 0.010 
Table 8. Data for Drying of Sample No, 3 
Air Data; Tunnel Temperature, dry - 150°F. 
Room Temperature, dry - 76°FU 
Room Temperature, wet - 66 °F, 
Velocity, dry sample - 600 fpm 
Sample Data:; Sample No« 3 - See Table 1 
Pressure drop through sample., dry-2„34-5 in0 H~0 
Pressure drop through sample, wet-2*309 inu HpO 
Time Moisture Content Drying Rate 
(minQ) (lbs., moisture/lbo (lbs. moisture/ 
room dry sample lb0 room dry 
%) sample,j min0) 
0 273 1.52 
0025 241 1012 
0*50 213 0.92 
0„75 196 0U80 
loOO 178 0o80 
lo25 157 0.80 
lo50 138 0o80 
1.75 119 0.80 
2o00 98 0o80 
2,25 77 0.80 
2.50 56 0o78 
2o75 38,5 0o64 
3o00 24„5 0.52 
3.25 10.5 0o40 
3.50 3.5 0o28 
3<>75 0 0.12 
4o00 0 0o02 
Table 9o Data for Drying of Sample No„ 1 
Air Data? Tunnel Temperature, dry - 220' »F, 
Room Temperature, dry 76' 3F0 
Room Temperature, wet 66' >F. 
Velo< 3ity9 dry sample 720 fpm 
Sample Dat ao Sample No, 1 - See Tab] .e 1 
Pressure drop through sample„ dry-2. 400 in0 H2Q 
Time Moisture Content Drying Rate 
(mine ) (lbs. moisture/lbc 





%) samples min0) 
0 340 5o0 
0o20 275 3o2 
0o40 222 2o2 
O06O 175 1060 
O08O 147 1*13 
loOO 131 0o90 
lo20 110 0o90 
io40 91 0.90 
lo60 78o2 0o90 
lo80 59o4 0.90 
2o00 43.7 0.65 
2020 3404 0,50 
2,40 25»0 0o44-
2„60 15.6 O035 
2080 9*38 0.25 
3o00 6o25 0ol5 
3o20 3^13 0,10 
3o40 0 0o05 
3o60 c 0 
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Table 10. Data for Temperature Downstream to Sample 
Air Datas Tunnel Temperature, dry - 148°F. 
Room Temperature, dry - 75°F0 
Room Temperature, wet - 66oF0 
Velocity, dry sample - 790°Fo 
Sample Datas Sample No« 1 - See Table 1 
Pressure drop through sample - 2„2880 inD H.-,0 
Time Temperature Time Temperature 
(seco ) °F. (sec0) °F0 
0 93 120 119 
10 98 130 123 
20 98 140 128 
30 98 130 134 
40 98 160 138 
30 100 170 138 
60 101 180 138 
70 103 190 138 
80 106 200 138 
90 108 210 138 
100 114 220 138 
110 116 230 138 
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Table 12„ Data for Temperature Downstream to Sample 
Air Datas Tunnel Temperature^, dry «- 203°F„ 
Room Temperature s dry - 76°3?o 
Room Temperaturev wet - 66°F0 
Velocity, dry sample - 644 fpm 
Sample Datas Sample No* 4 - See Table 1 
Pressure drop through dry sample-2o410 in0 Hp0 
?ime Temperature Time Temperat 
;ec o 3 °Fo (sec,o ) °J\ 
0 71 250 137 
10 84 260 138.5 
20 87 270 140 
30 94 280 14-2 
40 98 290 145 
50 98 300 147 
60 102 310 149 
70 10.5 320 153 
80 106 330 158 
90 107 340 158 
100 109 350 162 
110 111 360 162 
120 111 370 165 
130 115 380 165 
140 11? 590 165 
150 119 4-00 
160 122 410 165 
170 123o5 420 165 
180 12,5 430 169 
190 12? 44-0 169 
200 128*5 450 169 
210 130 460 169 
220 132 470 169 
230 133,5 480 169 
240 13.5 4-90 169 
Table 15a Data for Temperature Downstream to Sample 
Air Datai Tunnel Temperature, dry 
Room Temperature9 dry 
Room Temperatures wet 




- 646 £pm 
Sample Datas Sample No. 4 - See Table 1 











































Table 14 * Data for Tuft Temperature* 
Air Data? Tunnel Temperature,, dry - 230°3?0 
Room Temperature 5 dry - 66°Fo 
Room Temperature 8 wet - 54°P<, 
Velocity, dry sample - 640 fpm 
Sample Data;; Sample No* 4 - See Table 1 
Pressure drop through dry sample -2,4855 in° EUO 
lime Temperature Time Temperature 
ec ) °F0 (sec.) 
or? 
J: o 
0 73 110 205 
10 90 120 215 
20 91 130 216 
30 92 140 217 
40 94 150 222 
50 95 160 225 
60 102 170 228 
70 115 180 228 
80 135 190 228 
90 162 200 228 
100 185 210 228 
*A thermocouple was buried in the shorty uncut tuft of 
Sample No& 4C The bead of the thermocouple was located 
one-eighth of an inch from the jute backing0 
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Table 15 )m Data for Pressure Drop ' rhrough G arpet 
Temperature Pressure* 
°F. Room Drop Moisture 
Sample Velocity Carpet Content 
No* Duct Dry Wet fpm in*HpG % Be * * pi M * ^f 
3 73 73 56 665 2.3165 0 452 0.700 
5 73 73 56 630 2.2113 • 410 0.742 
3 73 73 56 420 1.5000 0 274- 1 . 135 
3 73 73 56 240 0.8050 0 157 1.928 
3 73 73 56 567 1*9796 0 368 0.822 
$ 73 73 56 495 1c 7694 0 324 0.964 
4 ? 4 74 60 720 2„4000 502 0.610 
4 74 74 60 700 2o3705 0 496 0.635 
4 74 74 60 563 1.8910 0 400 0.778 
74 74 60 460 1.3700 0 326 0.830 
4 74 74 60 350 1.0716 0 249 10145 
i 80 75 58 785 2.2245 0 615 0.516 
:: 75 7.5 58 760 2o1400 0 595 0.529 
. 73 75 58 575 1 „ 5̂ -00 0 450 0 . 666 
J 7? 75 58 630 1.7650 494 Go 635 
J 72 70 58 595 1.6650 0 485 0.682 
L 70 74 56 815 2o2824 c 625 0.550 
3 220 73 56 600 2.3500 • 287 1.095 
' • ; 202 73 56 570 2.3500 0 256 1.239 
3 202 73 56 534 2.2880 ) 226 1.400 
3 220 73 56 433 1*8105 0 187 10 662 
: 220 73 56 330 1.2065 0 149 10 928 
220 73 56 289 lo0380 0 124 2.160 
; 170 73 56 600 2.3300 0 306 1*025 
3 133 73 56 600 2.3250 0 328 0*994 
- 103 73 56 600 2,3230 0 544 0.89 J 
4 153 74 60 647 2.4265 0 560 0.765 
- 183 74 60 646 2.4240 0 548 0.805 
4 1.18 74 60 656 2.4270 0 540 0.890 
3 73 73 64 655 2.3750 0 419 0.760 
', 229 70 67 640 2.4830 G 285 1*042 
4 200 70 67 644 2.4650 0 313 0.985 
4 170 70 67 646 2.4530 0 340 0 0 9^0 
1 279 71 64 694 2.4430 0 270 0.910 
2 72 72 62 747 204425 0 497 0.594 
3 150 76 66 600 2.3450 0 317 0.994 
1 220 76 66 730 2.4000 0 356 0.86.1 
l .148 75 66 790 2.2880 0 480 0.614-
*The air was blown through from both sides of carpet. 
There was no measurable difference in the pressure drop* 
**See Equations (10) and (13)» Chapter III, for derivations„ 
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Table 16* Comparison of Analytical and Experimental 
Drying Time and Rates. 
Data Constant Drying Rate 
from (lbs* moisture Drying Time During 
Sample Table evp'd/lb. room dry Falling Rate 
No, No. sample, min.) Period (min.) 
Exper. Eqn. (27) Exper. Eqn«, (3 
1 c 0.250 0ol90 8o0 10.8 
1 I 1.560 1.750 0.835 0.943 
;J t 0.170 0.173 3.00 3o47 
3 : 0.180 0.164 4.50 5.12 
4 6 0.520 1.320 2.20 1.41 
5 8 0.800 0.900 1040 1.83 




It was estimated that the maximum deviation from 
average measurement of the flow rate was plus or minus 
50 cfmv occurring at 800 cfm» This was observed by the 
manometer fluctuation• The deviation in the flow rate 
when running the sample on different days was a maximum 
of 70 cfm at 800 cfm giving a maximum error of 9 per cento 
It appeared that slightly different flow patterns were 
set up through the carpet on each occasion,, 
Temperature 
The maximum deviation in temperature measurement 
was plus or minus 10°F„ at 2^>0°Fa <, giving a maximum vari-
ation of 4 per cent<, as observed from the recorder•„ The 
transit time required for the system to reach operating 
temperature for temperatures above 25>0°Fo caused an error 
in the average temperatures during the drying test of minus 
30°Fo^ giving a maximum error of 10 per cent0 This transit 
error was determined by recording the initial temperature 
at the start of dryer,} the time to reach operating condi-
tion ̂  and the total time* Using this data the average tem-
perature and deviation was determined<> 
Pressure Differential 
The maximum fluctuation in pressure differential 
92 
was plus or minus 0*004 inches HpO at 2*2830 inches HpO* 
This gave a maximum possible error of 0d8 per cento The 
deviation was determined by the same procedure used in de-
termining errors in flow rate measurements „ 
Drying Weight 
The maximum fluctuation in drying weight was plus 
or minus 0*03 pounds for a weight change of 0oS0 pounds„ 
This gave a maximum possible error of 5/50 or 6 per cento 
The error occurred in "Che drying of samples at high temper-
atures, due to the inability to maintain a constant temper-
ature in the weighing section. The error was due to the 
effect of the temperature on the strain gages in the weigh-
ing section,, The maximum deviation was determined by run 
ning a dry sample at various temperatures and recording 
the change caused by the temperature variations« 
Time 
It; was estimated that the maximum possible error in 
stopping and starting the chart drives on the recorders was 
plus or minus 2 seconds in a period of 60 seconds0 This 
gave a maximum possible error of 3° 33 per cento The error 
was determined by comparing the times indicated on the 
charts of the recorders with that on a stop watch• 
It was estimated that the error in determining the 
exact drying time was plus or minus 10 seconds in 60 seconds 
or about 17 per cento This was due to diffusion of moisture 
from the unexposed area in the weighing frame which indi-
cated that drying was still occurring on the weight record 
er» This diffusion can he observed by the final drops in 
the rate-of-drying curves„ 
Reproducibility of Experimental Results 
The samples were dried under identical conditions 
on different days0 Slightly different flow rates were 
measured due to different flow patterns being set up 
through the carpet. The drying rates and times could be 
reproduced within 10 per cent on all samples except runs 
at temperatures above 2600F„ For these runs the time 
varied as much as 50 per cent depending on the temperature 
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